057:20 TEST #3 Fall 2004

Prob. 1
Information and assumptions

Find
Is the magnitude of the shear stress greater at the moving plate or at the stationary plate?

Solution

gl

Evaluate 7 at y=H:

T, —l(%)H +,uﬁ

20 ds H
Evaluate 7 at y=0:
1(dp u
0= _E(Ej H ,Uﬁt (Inter. = 2)

Observation of the velocity gradient lets one conclude that the pressure gradient dp/ds is
negative. Also U; is negative. Therefore:

74| > 7] (Ans. = 1)
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Prob. 2

Information and assumptions
Provided in problem statement

Find
Force at flange to hold nozzle in place

Solution

Velocity calculation

Q 15
V,=—=—7—-=19.10 ft/s

A (7[/4)><1 /

Q1

=—= =42.97 ft _
vy A (7/4) ><(8/12)2 /s (Egn. + Ans. = 2)

Bernoulli eqaution

P, +EIOV1 =P +EPV2 (Eqn.= 2)
1
Py =0+§P(V§ _Vlz)
=1,437Ibf / ft* (Inter.+ Ans.= 1)

X-momentum equation

Z F, =My, —my, (Egn.=4)
pA+F = (1.94 ><15) x42.97 — (1.94 ><15) x19.10

1,437 x(%) x12 + F = (1.94x15) x (42.97 —19.10)

F =—434lbf (act to left) (Inter. + Ans. = 1)
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Prob. 3

Information and assumptions

Provided in problem statement

From Table A3 v=15x10"°m?/s and p=1.2kg/m*
Find

Total drag force on plate
Solution

The force due to shear stress is

1
F =C; EPUSBL (Eqn.

The Reynolds number based on the plate length is
U,L 15x1
Re, =—%= —=10°
1% 1.5x10

The totaol force is

F,=0.0047 x (%xl.Z x152j>< (1.0x0.5)=0.317N

(Inter. + Ans. = 1)
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Prob. 4

Information and assumptions
Provided in problem statement

Find
Resistance coefficient
Solution
D=5¢cm
A
Elevation = 10 m 43 \ |\
\\\ \(_,, i -.\\__\.\ ZA — ZB = AZ
- tlevatioﬁ =11 m
Al V=3mls
Manometer equation
P +7¢Al =y, Ah =y, [ (Al-Ah)+Az]=p,
Ps —7nAh—y, [ -Ah+(z,-2,)]= D,
Ps _(7/m — 7 )Ah_7/fZA+7/fZB = Pa
(pB +7/fZB)_(pA+7/fZA):(7m _7f)Ah
sz - pzA :(7m — 7 )Ah
_ —y. )Ah
an=Po=Pu _(m=r )80 (7, Ah=(25-1)Ah
V Vs Vs
Ah=h, =0.80x(2.5-1)=1.2m (Eqn + Inter.+ Ans. = 3)
LV?
h = f—— =
f D 29 (Egn = 6)

0.05) 2x9.81
f:1.2><( 2 jx 7 =0.033 (Inter.+ Ans. = 1)
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Prob. 5
Information and assumptions
Provided in problem statement

From Table 10.3: K, =0.03; K, =0.35; K. =1.0

From Table A5, v =10°m?/s

From Table 10.2, k, = 0.046mm
Find

The pump power
Solution

Energy equation from the water surface in the lower reservior to the water surface in the
upper reservior

p1/7+V12/29 +Zl+hp = p2/7+V22/29 +22+Zh|_

2

0+0-+200m+h, =0+0+235m+\2/—2(|<e FK, K, + f %)
g

(Ean=7)
v=_o 91 ams VL gim
A (ﬂjx0.32 g
4
Re= YD 44403 4 33,108 X ~0.00015
| 4 10 ' 1%
So from Figure 10.8 f =0.014
L 140
f D 0.014x 03 6.53 (Inter.+ Ans. = 2)

h, =235-200+1.01x (0.03+0.35+1+6.53) = 43.0m
p=Qyh, =0.314x9,790x 43.0 =132kW (Inter.+ Ans. = 1)
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Prob. 6

Information and assumptions
Provided in problem statement

From Table A.3, p =0.00237 slugs/ ft*; v =1.58x107* ft?/s

Find
Drag on cooling tower
Solution
V =4.31mph =6.32 ft/s
Re=Yod _6:32x250 ) 4 1y
v 1.58x10
From Figure 11.5: Cp = 0.70 (Egn. = 2)
"""" Then
1\
FD :CDAPE V (Eqn :7)

_0.70% 250><350><%><0.00237><6.322

= 2,899Ibf (Inter.+ Ans. = 1)



